A synthetic oligonucleotide probe was developed to identify the gene for the heat-stable enterotoxin (NAG-ST) of non-serovar O1 Vibrio cholerae. Of 103 non-Ol V. cholerae isolates from Thailand, 31 isolates from Mexico, and 47 isolates from patients in the United States, only 7 (ail from Thailand) hybridized with the probe. Probe-positive strains produced significantly higher fluid accumulations in infant mice than probenegative strains.
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Strains of Vibrio cholerae other than serovar O1 (nonserovar O1 V. cholerae) have increasingly been recognized as the causative agents of diarrheal disease. The clinical spectrum includes mild, self-limited infections as well as severe dehydrating diarrhea and dysentery (1, 3, 5, 11, lla, 12) . Less common but dramatic in appearance are extraintestinal infections, including bacteremic wound infections and primary septicemia (16) . Non-O1 V. cholerae strains are ubiquitous in estuarine environments and are frequently found in shellfish. In one Food and Drug Administration study, non-O1 V. cholerae strains were cultured from 111 (14%) of 790 raw oyster samples (21) .
The mechanisms responsible for the pathogenesis of nonserovar O1 V. cholerae, particularly in diarrheal disease, are only beginning to be elucidated. While some strains produce a cholera toxin-like toxin, these strains appear to constitute only a fraction of non-O1 V. cholerae isolates outside the Indian subcontinent. Other proposed virulence factors include the El Tor and Kanagawa hemolysins (7, 8) , a Shigalike toxin (15) , and cell-associated hemagglutinins (4 (Fig. 1) .
In one Japanese study, 55% of clinical isolates gave a positive fluid accumulation response in infant mice, suggesting that the strains produced NAG-ST (2) . In recent volunteer studies, illness was seen only after administration of a non-serovar O1 V. cholerae strain that produced NAG-ST, leading to the hypothesis that NAG-ST was a critical virulence factor for the organism (lia). While the amino acid sequence for NAG-ST is known (20) , the gene for this toxin has not yet been sequenced. In our preliminary studies, a probe derived from the sequence of E. coli heat-stable enterotoxin STh (17) failed to hybridize with non-serovar O1 V. cholerae A5 and NRT36S, both of which were known to produce NAG-ST on the basis of results from studies with infant mice and from a competitive NAG-ST enzyme-linked immunosorbent assay (lla). We then constructed a family of oligonucleotides on the basis of the amino acid sequence of NAG-ST and the known nucleotide sequences of E. coli heat-stable toxins STh (13) and STp (18) . Information on codon preferences in vibrio species and E. coli was used to decide which nucleotides would be more likely for a given amino acid. Degeneracies were introduced at points in the sequence where more than one nucleotide seemed equally likely. One probe with three internal degeneracies (i.e., a pool of six oligonucleotides), designated NAG-ST1, gave excellent results in initial testing with control strains A5 and NRT36S. The nucleotide sequence of NAG-ST1 is shown in Fig. 2 , together with the sequences of STh and STp. In Southern blot analysis, the probe hybridized with a single chromosomal restriction fragment of A5 and NRT36S after digestion with either HindIII or PstI.
In subsequent experiments using colony blots, we screened collections of clinical non-serovar O1 V. cholerae isolates from Thailand, Mexico (6) , and the United States with the NAG-ST1 probe. Colony blots were prepared on nitrocellulose. The NAG-ST probe was end labeled with [a-32P]ATP by using a forward kinase protocol (10) . Hybridization buffer consisted of either 3 x SSC (lx SSC is 0.15 M NaCI plus 0.015 M sodium citrate), 0.5% bovine serum albumin, 0.5% polyvinylpyrrolidone, and 1% sodium dodecyl sulfate or 6x SSC, 0.1% polyvinylpyrrolidone, 0.1% Ficoll, 0.1% bovine serum albumin, 1 mM EDTA (pH 8), and boiled salmon sperm (100 ,ug/ml). Optimal results (determined by using a checkerboard procedure) were obtained with 4 to 6 h of hybridization at 50°C followed by a wash in 3 x SSC at room temperature (30 min), two 15- and A5 were used as positive controls on all filters. An E. coli K-12 strain was used as the negative control.
Results are shown in Table 1 . Of 181 non-serovar O1 V. cholerae strains tested, only 7 (4%) were positive. These seven strains were all isolated from patients in Thailand but were unrelated epidemiologically; they were isolated between 1982 and 1985 from seven children ranging in age from 1 to 9 years at three different hospitals in metropolitan Bangkok. The higher probe-positive rate among Thai strains (7 of 103) was significantly different from the rate among all other clinical strains (O of 66) (P = 0.043, two-tailed Fisher's exact test).
The probe also hybridized with three of six enterotoxigenic E. coli strains, all three of which produced STp. This was not unexpected, given the close similarity of the probe to the gene sequence encoding STp (Fig. 2) . While the probe was also closely related to STh, the single additional nucleotide difference between STp and STh, in the region corresponding to the probe, may have accounted for the lack of hybridization with STh-producing E. coli. Cross-reactivity with other vibrio species or other gram-negative rods was negligible: of 49 such isolates, only 1 (a Citrobacterfreundii isolate) hybridized with the probe. Production of a heatstable toxin has not been described for C. freundii, and the incidental hybridization may reflect some lack of specificity due to the internal degeneracies included in the probe design. To pursue this observation, further work using a number of Citrobacter isolates is necessary, since the infant mouse assay has not been standardized for this organism.
Eight strains that hybridized with the probe (including control strains NRT36S and A5) were assayed for fluid accumulation (FA) in infant mice, together with six randomly selected probe-negative Thai strains. The technique for the suckling mouse assay was modified from the method used by Nishibuchi and Seidler (14) , except that inoculations were done directly into the stomach via a hypodermic needle through the extract at 30°C. Each strain was tested in five suckling mice. The FA ratio was defined as gut weight divided by remaining body weight. Table 2 shows the mean FA ratios obtained for each strain. Results showed some overlap in mean FA index between groups and in some cases wide standard deviations, preventing us from establishing a definitive cutoff value for NAG-ST production. However, overall the FA ratios for probe-positive strains were significantly higher than those 
